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(54) METHOD OF DETECTING THE STATE OF WEAR OF AN ELECTRIC ACTUATOR

(57) A method for detecting the status of wear of an
electric actuator, wherein said electric actuator compris-
es an electric motor having a drive shaft, a load suitable
for being driven in translation by the electric motor along
a translation axis, and a transmission system interposed
between the electric motor and the load and suitable for
converting the rotation of the drive shaft into a translation
of the load, comprises the steps of:

a) axially locking the load in the direction of the translation
axis,

30— |

b) applying a first test torque to the drive shaft in a first
direction of rotation;

c) removing the first test torque;

d) detecting a first angular position of the drive shaft;

e) applying a second test torque to the shaft in a second
direction of rotation opposite to the first;

f) removing the second test torque;

g) detecting a second angular position of the drive shaft;
h) measuring the difference between the first angular po-
sition and the second angular position.
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Description

[0001] The presentinvention refers to a method for detecting the status of wear of an electric actuator, and an electric
actuator comprising means suitable for detecting its own status of wear.

[0002] The electric actuator, whose status of wear is to be detected, comprises an electric motor having a drive shaft,
a load suitable for being driven in translation by the electric motor along a translation axis, and a transmission system
interposed between the electric motor and the load and suitable for converting the rotation of the drive shaft into a
translation of the load.

[0003] For example, the electric actuator is an electric cylinder.

[0004] The present invention aims to provide a method for automatically detecting the status of wear of an electric
actuator, in particular for conducting predictive diagnostic analyses on the operation of the electric actuator.

[0005] This purpose is achieved with a method for detecting the status of wear of an electric actuator according to
claim 1, with a control unit of an electric actuator according to claim 5, with a method for measuring the play in an electric
actuator according to claim 8, with a computer program according to claim 11, and with an electric actuator according
to claim 12.

[0006] The dependent claims describe preferred embodiments of the invention.

[0007] The features and advantages of the invention will become clear from the description given below of preferred
embodiments, given solely as non-limiting examples in reference to the enclosed figures, wherein:

[0008] - figure 1 is a schematic representation of an electric actuator according to the invention;

[0009] - figure 2 shows an example of an embodiment of the electric actuator according to the invention;

[0010] - figure 3 is a graphic showing the application of test torques to the electric actuator and measurement of the
play in the actuator in millimeters.

[0011] In these drawings, the number 1 refers to an electric actuator as a whole, according to the invention.

[0012] Inageneral embodiment, itis known that electric actuator 1 comprises an electric motor 10 having a drive shaft
12, a load 14 suitable for being driven in translation by electric motor 10 along a translation axis X, and a transmission
system 16 interposed between electric motor 10 and load 14 and suitable for converting the rotation of drive shaft 12
into a translation of load 14.

[0013] The Applicant has discovered that the detection and measurement of play introduced by transmission system
16 can be used for diagnostic purposes to conduct predictive analyses on the proper operation of actuator 1, that is, to
predict when the actuator must be replaced or possibly repaired before the actuator breaks or before an unacceptable
deterioration of performance.

[0014] In one embodiment shown in figure 2, electric actuator 1 is an electric cylinder. The electric cylinder comprises
electric motor 10, preferably a torque-controllable motor, suitable for controlling the rotation of a drive shaft 12.

[0015] In one embodiment, a reduction gear is placed between motor 10 and drive shaft 12.

[0016] In this case, load 14 driven in translation is represented by a rod 18 sliding in sleeve 20 of the electric cylinder.
[0017] In one embodiment, transmission system 16 that converts the rotation of the drive shaft into a translation of
the rod comprises a ball screw system 162.

[0018] Screw 162 can be housed inside rod 18, which in this case is hollow.

[0019] The balls are contained in lead nut 164 integral to rod 18, and therefore also slides inside the section formed
by sleeve 20 of the cylinder.

[0020] In one embodiment, electric actuator 1 is provided with a device for detecting the angular position of the drive
shaft, for example an encoder. This device can be incorporated directly into the electric motor.

[0021] Electric actuator 1 comprises a control unit 30 suitable for controlling electric motor 10. Control unit 30 is provided
with a computer program implementing the method for detecting the status of wear of the electric actuator which will be
described below.

[0022] Electric actuator 1 further comprises an axial locking device 40 that is activatable to lock load 14 at least axially
in the direction of the axis of translation X.

[0023] In a preferred embodiment for detecting the total backlash of the electric actuator, axial locking device 40 is
configured to allow load 14 to be free to rotate about the axis of translation X.

[0024] For example, axial locking device 40 comprises a joint provided with skids that allow rod 18 only to undergo
rotation and not translation.

[0025] In some embodiments or in some applications where the load does not have the possibility of rotating, it is
possible to apply the method for detecting the status of wear described above to detect--if not the axial play due to the
wear of the skids--the axial play of the rest of the transmission system, particularly the play introduced by the ball screw
and bearings.

[0026] It must be noted that axial locking device 40 does not necessarily need to be built into or integral to electric
actuator 1. In particular, axial locking device 40 could be supplied as an accessory if the wear detection method is to be
applied to an electric actuator already being used in the field.
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[0027] Similarly, the computer program implementing the wear detection method does not necessarily need to be
preloaded into the memory of control unit 30, but can be installed on the control unit of a conventional electric actuator.
[0028] According to a feature of the invention, the method for detecting the wear of an electric actuator comprises the
following steps.

[0029] Load 14 is locked axially in the direction of the axis of translation X.

[0030] In a preferred embodiment, the load is left free to rotate about the axis of translation X.

[0031] By means of electric motor 10, a first test torque C1 is applied to drive shaft 12 in a first direction of rotation,
such as the clockwise direction.

[0032] First test torque C1 must be at least enough to overcome the internal friction of electric actuator 1.

[0033] Firsttesttorque C1isthenremoved. In one embodiment, first test torque C1 is decreased linearly, or according
to some other suitable law, to avoid any elastic inertia of the system. In some cases it may be appropriate to leave a
residual torque to avoid elastic returns of the system.

[0034] A first angular position of drive shaft 12 is detected, i.e. the position of drive shaft 12 upon removal of first test
torque C1 or once the predetermined residual torque is reached.

[0035] At this point a second test torque C2 is applied to drive shaft 12 by means of electric motor 10 in a second
direction of rotation opposite to the first, such as the counterclockwise direction. In one embodiment, second test torque
C2 is equal to first test torque C2 in absolute value. In other embodiments, however, second test torque C2 could also
be different from first test torque C1, for example based on the load conditions of the actuator. For example, a different
torque could be necessary if the cylinder is installed in a vertical position, in which case the torque required to make the
rod come out must also overcome the weight of the lead nut and lead nut holder, whereas the torque in the opposite
direction needs to be less since gravity is assisting.

[0036] Second test torque C2 is then removed or reduced to the predetermined residual value.

[0037] A second angular position of drive shaft 12 is then detected.

[0038] Here again, second test torque C2 can be reduced linearly or according to a different and more favorable law.
[0039] At this point, the difference D between the first angular position and the second angular position, or between
a first position value P1 obtained from the first angular position and a second position value P2 obtained from the second
angular position, is measured (Figure 3).

[0040] Forexample, the first and second angular positions can be converted into a linear quantity, such as millimeters,
before calculating the difference.

[0041] Alternatively, the conversiontolength can be done afterfinding the difference between the two angular positions.
[0042] For example, in the case of an electric cylinder, the conversion from encoder steps to millimeters is calculated
by the gear ratio and screw pitch of the cylinder.

[0043] The value given by the difference between the two positions is the play or backlash of the electric actuator.
[0044] A numerical example of the backlash detection method according to the invention applied to an electric cylinder
is described in figure 3.

[0045] Afterlocking the rod axially, but not angularly, a torque C1 of 0.45 Nm is applied to the actuator in the clockwise
direction.

[0046] The torque is dropped in a non-instantaneous way, with a step at 0.045 Nm.

[0047] Lastly, the torque is setto O Nm.

[0048] The angular position of the shaft is detected and converted into millimeters (Position PI).

[0049] A torque of -0.45 Nm is then applied to the actuator in counterclockwise direction C2.

[0050] The torque is dropped in a non-instantaneous way, with a step at -0.045 Nm.

[0051] Lastly, the torque is setto O Nm.

[0052] The angular position of the shaft is detected and converted into millimeters (Position P2).

[0053] The difference D between first position P1 and second position P2 is calculated to determine the backlash:

backlash = |Position Pl - Position P2|

[0054] The test can be repeated with various torque values to simulate the behavior of the actuator.

[0055] According to a feature of the invention, a control unit 30 for controlling a programmable electric actuator is
provided to implement the wear detection method described above.

[0056] Control unit 30 is then configured to:

- control the electric motor to apply a first test torque C1 to the drive shaft in a first direction of rotation;
- control the electric motor to remove the first test torque C1 or reduce the first test torque C1 to a predetermined
residual value;
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- receive, from a position sensor, a first datum representative of a first angular position of the drive shaft;

- control the electric motor to apply a second test torque C2 to the drive shaft in a second direction of rotation;

- control the electric motor to remove second test torque C2 or reduce the second test torque to said predetermined
residual value;

- receive, from said position sensor, a second datum representative of a second angular position of the drive shaft;

- measure the difference between said first datum and said second datum or between a first position value P1 obtained
from the first datum and a second position value P2 obtained from the second datum.

[0057] In one embodiment, second test torque C2 is equal to first test torque C1 in absolute value.

[0058] In one embodiment, the first and second test torques are decreased linearly or according to a different and
more favorable law that minimizes the elastic returns of the transmission system.

[0059] The subject matter of the invention also refers to a computer program running on a control unit of an electric
actuator and comprising portions of code suitable for carrying out the functions described above on the control unit.
[0060] In one embodiment, the computer program is suitable for:

- controlling the electric motor to apply a first test torque to the drive shaft in a first direction of rotation;

- controlling the electric motor to remove the first test torque or reduce the first test torque to a predetermined residual
value;

- storing a first datum representative of a first angular position of the drive shaft assumed when removing the first test
torque or upon reaching the residual torque value;

- controlling the electric motor to apply a second test torque to the drive shaft in a second direction of rotation;

- controlling the electric motor to remove the second test torque or reduce the second test torque to said predetermined
residual value;

- storing a second datum representative of a second angular position of the drive shaft assumed when the second
test torque is removed or upon reaching the residual torque value;

- measuring the difference between said first datum and said second datum or between a first position value obtained
from the first datum and a second position value obtained from the second datum.

[0061] In one embodiment, the second test torque is equal to the first test torque in absolute value.

[0062] According to a feature of the invention, an electric actuator comprising an electric toque-controllable motor with
a drive shaft, a load suitable for being driven in translation by the electric motor along a translation axis, a transmission
system interposed between the electric motor and the load and suitable for converting the rotation of the drive shaft into
a translation of the load, an angular position sensor suitable for detecting the angular position of the drive shaft, and a
control unit for controlling the programmabile electric motor as described above and operatively connected to the position
sensor, is provided.

[0063] It must be stressed that the method for detecting and calculating the play of the electric actuator is completely
automated. The test process for calculating the play is very fast to carry out and can be applied advantageously to the
electric motor when the electric actuator is paused, such as between two movements of the load.

[0064] In order to satisfy contingent requirements, a person skilled in the art could make modifications, adaptations,
and substitutions of parts with functionally equivalent ones to the embodiments of the invention, without exceeding the
scope of the following claims. Each feature described as belonging to a possible embodiment may be implemented
independently of the other described embodiments.

Claims

1. Method for detecting the status of wear of an electric actuator, wherein said electric actuator comprises an electric
motor having a drive shaft, a load suitable for being driven in translation by the electric motor along a translation
axis, and a transmission system interposed between the electric motor and the load and suitable for converting the
rotation of the drive shaft into a translation of the load, comprising the steps of:

a) axially locking the load in the direction of the translation axis,

b) applying, by means of the electric motor, a first test torque to the drive shaft in a first direction of rotation;
c) removing the first test torque or reducing the first test torque to a predetermined residual value;

d) detecting a first angular position of the drive shaft;

e) applying, by means of the electric motor, a second test torque to the drive shaft in a second direction of
rotation opposite to the first;

f) removing the second test torque or reducing the second test torque to said predetermined residual value;
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g) detecting a second angular position of the drive shaft;

h) measuring the difference between the first angular position and the second angular position or between a
first position value obtained from the first angular position and a second position value obtained from the second
angular position.

Method according to claim 1, wherein the axially locked load is left free to rotate about the translation axis.
Method according to claim 1 or 2, wherein the second test torque is equal in absolute value to the first test torque.

Method according to claim 1, wherein, in steps c) and f) the test torque is made to decrease in a linear manner or
other law suitable for minimizing the elastic returns of the transmission system.

Control unit of an electric actuator, wherein said electric actuator comprises an electric motor having a drive shaft,
aload suitable for being driven in translation by the electric motor along a translation axis, and a transmission system
interposed between the electric motor and the load and suitable for converting the rotation of the drive shaft into a
translation of the load, the control unit being programmed for:

- controlling the electric motor to apply a first test torque to the drive shaft in a first direction of rotation;

- controlling the electric motor to remove the first test torque or reduce the first test torque to a predetermined
residual value;

- receiving, from a position sensor, a first datum representative of a first angular position of the drive shaft;

- controlling the electric motor to apply a second test torque to the drive shaft in a second direction of rotation;
- controlling the electric motor to remove the second test torque or reduce the second test torque to said
predetermined residual value;

- receiving, from said position sensor, a second datum representative of a second angular position of the drive
shaft;

- measuring the difference between said first datum and said second datum or between a first position value
obtained from the first datum and a second position value obtained from the second datum.

Control unit according to the preceding claim, wherein said second test torque is equal in absolute value to the first
test torque.

Control unit according to claim 5 or 6, wherein the first and the second test torque are made to decrease linearly or
according to another law suitable for minimizing the elastic returns of the transmission system.

Method of measuring play in an electric actuator, wherein said electric actuator comprises an electric motor having
a drive shaft, a load suitable for being driven in translation by the electric motor along a translation axis, and a
transmission system interposed between the electric motor and the load and suitable for converting the rotation of
the drive shaft into a translation of the load, comprising the steps of:

- controlling the electric motor to apply a first test torque to the drive shaft in a first direction of rotation;

- controlling the electric motor to remove the first test torque or reduce the first test torque to a predetermined
residual value;

- storing a first datum representative of a first angular position of the drive shaft assumed when removing the
first test torque or upon reaching the residual torque value;

- controlling the electric motor to apply a second test torque to the drive shaft in a second direction of rotation;
- controlling the electric motor to remove the second test torque or reduce the second test torque to said
predetermined residual value;

- storing a second datum representative of a second angular position of the drive shaft assumed when the
second test torque is removed or upon reaching the residual torque value;

- measuring the difference between said first datum and said second datum or between a first position value
obtained from the first datum and a second position value obtained from the second datum.

Method according to the preceding claim, wherein said second test torque is equal in absolute value to the first test
torque.

Method according to the preceding claim, wherein the first and the second test torque are made to decrease linearly
or according to another law suitable for minimizing the elastic returns of the system.
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Computer program executable on a control unit of an electric actuator and comprising code portions suitable for
implementing the method according to any one of claims 8-10.

Electric actuator, comprising an electric toque-controllable motor and having a drive shaft, a load suitable for being
driven in translation by the electric motor along a translation axis, a transmission system interposed between the
electric motor and the load and suitable for converting the rotation of the drive shaft into a load translation, an angular
position sensor suitable for detecting the angular position of the drive shaft, and a control unit of the electric motor
according to any one of claims 5-7 and operatively connected to the position sensor.

Electric actuator according to the preceding claim, wherein the load is a rod slidable in a cylinder, and wherein the
transmission system comprises a ball screw.

Electric actuator according to claim 12 or 13, further comprising an axial locking device which is activatable for
axially locking the load in the direction of the translation axis.

Electric actuator according to claim 14, wherein the axial locking device is configured to leave the load free to rotate
about the translation axis.
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